Several pesticides have been reported to inhibit cell division and produce chromosomal irregularities in non target organisms. Chromosomal anomalies induced by some of these compounds were found to be linked with their capacity to induce mutations (Wuu and Grant 1966 , Panda and Sharma 1979 , Gichner et al. 1982 . Chromosomal anomalies produced by pesticides, therefore, have been regarded as reliable evidence of the genotoxicity of these com pounds (Grant 1978 , 1982 , Ma 1982 .
Fungicides are among the least investigated pesticides for their cytogenetic activities. The few investigated fungicides were found to exert C-mitotic activity and induce chromosomal abnormalities in a number of crop plants (Fiskesjo 1969 , Ahmed and Grant 1972 , Spasojevic 1974 . Some fungicides were also found to induce chromosomal stickiness, bridges and lagg ing (Bielecki 1974, Al-Najjar and Soliman 1980) . In the present study the cytogenetic activi ties of two fungicides in the root tips of Allium cepa are reported.
Material and method
The two fungicides used in the present investigation are dithane M-45 and denmart 10 EC. Dithane is a carbamate compound and is chemically composed of ethylene bidithio carbamate, whereas denmart is S-4-test butyl-benzyl N-3 pyridyle. Growing roots of at least three bulbs of Allium cepa were immersed in solutions containing 4, 20, 100 and 500ppm, a. i. of the two fungicides for 4 and 24 hours respectively. Control roots were simultaneously treated with water. Following all treatments roots were detached, washed and fixed in 3:1 alcohol acetic acid for 24h. and stored in 70% alcohol in the refrigerator until use. Cytologi cal preparations were carried out using Feulgen squash technique and were made permanent by mounting in canada balsam. At least four slides of each treatment were examined for the effect on mitotic activity expressed as mitotic index (MI) and the frequency of mitotic stages. The dividing cells in the same slides were analyzed and the types and numbers of chromosomal abnormalities in the different stages of mitosis were recorded.
Results
The effect of the various treatments of dithane and denmart on mitotic index and the per centage of total and abnormal mitotic stages is shown in Table 1 . The lowest concentration of both fungicides exerted no or only slight effect on mitotic index after the two periods of treatment. As the concentration increased MI value was gradually decreased. It is evident that mitotic activity was more inhibited in roots treated for 24h. than in roots treated for 4h. only. It is also obvious that dithane is more effective in inhibiting mitosis than denmart (Table 1) .
Various treatments of both dithane and denmart resulted in the alteration of mitotic phases. Most treatments gave rise to the accumulation of metaphase configurations, particularly when high concentrations were used. In addition high concentrations of dithane led to a reduction Table 1 . Effect of the various treatments of dithane and denmart on mitotic index (MI) and frequency of total and abnormal mitotic stages in root tips of A. cepa in the proportion of prophase. Such reduction was particularly evident in roots treated for 24h. High concentrations of denmart, on the other hand, resulted in the reduction of both anaphase and telophase. A small proportion of abnormal prophase configurations were ob served, whereas, a substantial proportion of abnormal figures were recorded in metaphase, anaphase and telophase. The percentage of abnormalities in these phases increased as the concentration increased and the period of treatment prolonged (Table 1) . The two fungicides dithane and denmart produced a number of chromosomal irregularities. The types and numbers of these abnormalities are given in Table 2 . The percentage of total abnormalities produced by both compounds increased with the increase of concentration following the two periods of treatment, but considerably higher proportion of abnormalities were induced after the 24h. treatments compared to the 4h. treatments. It is also evident that the proportion of abnormalities induced by denmart is substantially higher than that pro duced by dithane following almost all treatments. The maximum percentage induced by dithane was 27.8 while that produced by denmart was 53.21 (Table 2 ).
The two fungicides exerted C-mitotic activity that resulted in the production of C-met aphase configurations (Figs. 1, 5 ). Both compounds also caused chromosomal stickiness which was particularly evident at metaphase (Figs. 2, 6 ). In this respect dithane appeared more effective than denmart. A considerable number of chromosomal bridges (Figs. 3, 7) and breaks (Figs. 4, 8) were induced by both fungicides. In addition most treatments of denmart resulted in lagging chromosomes and the formation of binucleated (Fig. 9 ) and micro nucleated telophase configurations (Fig. 10) . Abnormal mitotic figures not classified as one of the above described abnormalities were regarded as disturbed figures. Such disturbed mitotic configurations were observed in treated and control roots.
Discussion
The two fungicides dithane and denmart showed an ability to inhibit mitotic activity in root meristems of A. cepa. The reduction in mitotic activity was clearly dose dependent. MI value was progressively decreased with the increase of fungicide concentration and time of treatment. In this respect these two compounds resemble several other pesticides (Fiskesjo 1969 , Tomkins and Grant 1972 , Amer and Farah 1974 , Badr 1979 , 1983 . Root treat ments with dithane resulted in low frequencies of prophase. This may indicate that this com pound inhibits mitosis by delaying the onset of prophase. High concentration of denmart, on the other hand, did not affect prophase frequency but gave rise to low frequencies of an aphase and telophase. The high values of prophase in roots treated with high concentrations of denmart therefore may be attributed to the low proportions of these two stages. However, inhibition of mitosis was reported to due to an action on DNA synthesis (Mohandas and Grant 1972, Chand and Roy 1981) .
The two fungicides induced mitotic abnormalities, chromosomal stickiness and chromo somal aberrations in the dividing cells of A. cepa root meristems. The mitotic abnormalities produced by both compounds were mainly comprised of the colchicine type metaphase con figurations, which has been considered to be the result of an action on the spindle apparatus (Deysson 1968) . Various treatments of denmart also produced chromosome lagging and multipolar anaphases. The later abnormality gave rise to multinucleated and binucleated telophase cells.
Chromosomal stickiness was a major abnormality produced by both dithane and denmart. The frequency of this abnormality increased as the concentration of fungicides was increased. Stickiness is considered to be a physiological effect exerted by pesticides (Grant 1982) and is most likely due to the improper folding of chromosome fibers which makes the chromatids con nected by bridges (Me Gill et al. 1974 , Klasterska et al. 1976 ). Other fungicides have been reported to induce chromosomal stickiness in a number of crop plants . Dithane S. 60 induced stickiness in Triticum and Aegilops (Al-Najjar and Soliman 1980) , while both ferbam and phenylmercury acetate induced stickiness in A . cepa (Prasad and Pramer 1968, Bielecki 1974) . Stickiness was also induced in Vicia faba by fungisol-Z (Curtis 1979) and in Vicia and Tradescantia by methylmercury dicyandiamide (Ahmed and Grant 1972) .
A high level of chromosome aberrations were induced by the two fungicides used in this study. These aberrations were comprised of breaks and bridges . Breaks recorded here in clude chromosome and chromatid breaks which result in a loss of chromosome integrity (Grant 1982) . Chromosome breakage has been regarded to involve an action on DNA (Grant 1978) , whereas chromosomal bridges may be due to chromosome breakage and reunion (Tomkins and Grant 1972) . However, chromosomal bridges may be attributed to the stickiness of chromo somes.
Chromosomal anomalies produced by dithane and denmart are similar to those induced by other pesticides.
Most of these anomalies resemble aberrations induced by radiations and chemicals used in mutagenesis. Indeed some of these aberrations were found to be associated with mutations in a number of plants (Wuu and Grant 1966, Gichner et al. 1982) . The present results therefore may point out a mutagenic potential of the two fungicides dithane and denmart. Together with earlier reports the results of this study weigh against the wide application of pesticides and point out the need for mutagenecity testing of pesticides using cytogenetic methods together with other test systems. In general dithane was more effective in inhibting mitosis, whereas denmart produced higher amount of chromosomal abnormalities than dithane. The significance of the cytogenetic effects of both fungicides is discussed.
